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Characterization of three bacteriophages infecting bacteria isolated 
from shrimp and shrimp culture pond water 
ABSTRACT 
Bacteriophage (phage) is a virus that infects bacteria and replicates in the cell, 
resulting in cell lysis in a case of lytic phage. They are abundant in our world and play 
an important role in regulating microbial balances in every ecosystem. Although it is 
thought that microbial environment must be important in shrimp aquaculture, impacts of 
the phages on the microbial environment is still unclear. In this study, I tried to isolate 
phages from shrimp and the culture pond water and to characterize the isolated phages. 
I used 10 bacterial isolates from shrimp pond water in Kumamoto Prefecture, Japan 
and Surat Thani in Thailand, and succeeded to isolate three kinds of lytic phages 
infecting three kinds of bacteria: T24, K14DS 7 and K14DS 8. For identification of the 
host bacteria, API 20 NE identification system and DNA sequences of 16S rRNA and 
gyrase subunit B (GyrB) genes were used. Specific primers also were used to confirm 
the host species. The results demonstrated that T24 belongs to Tenacibaculum sp. and a 
phylogenetic tree based on neighbor-joining method using GyrB sequence showed T24 
closely related with T. mesophilum and T. discolor. Two bacteria K14DS 7 and K14DS 
8 were identified as Vibrio harveyi and V. rotiferianus, respectively. 
Three phages designated as pT24, p7 and p8 infecting T24, K14DS 7 and K14DS 8, 
were morphologically classified in the family Myoviridae, Siphoviridae and 
Podoviridae respectively. To obtain the genome DNA sequences of these phages, 
shotgun sequencing was conducted in MiSeq sequencing system. The genome size of 
pT24, p7 and p8 were estimated at 234,670, 81,622 and 48,934 bp. The genome data 
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were analyzed to predict the possible protein coding regions using a bioinfomatic tool 
GeneMarkS that pT24, p7 and p8 have 299, 123 and 57 putative ORFs, respectively. 
To characterize the phages in vitro, I carried out the experiments of one step growth 
curve, host range and optimum temperature. As a result of phage growth, a replication 
cycle of pT24, p7 and p8 were about 85, 105 and 130 minutes. The optimum growth 
temperature for p7 phage was 35oC, while that for p8 was 30oC. pT24 phage can grow 
at both 25oC and 30oC optimally. Eighty-one strains including 19 species of Vibrio were 
used in host range experiment for p7 and p8 phages. Three T. maritimum, 1 T. 
mesophilum, 1 T. discolor and 2 Flavobacterium columnare strains were used to 
examine pT24 host range. The results of the host range study showed that p7 and p8 can 
infect only their original host species V. harveyi and V. rotiferianus, while pT24 was 
able to infect both T. mesophilum and T. discolor. To characterize the phages in vivo, I 
carried out the aquarium experiments detecting interaction between phages and their 
hosts: aquaria with the sea water which had been collected from shrimp stock tanks 
were set up, and host bacterium and the phage were added to the water to monitor the 
number of the host cells and infectious phage. The cell number of T24 decreased, and 
pT24 phage number increased once and decreased when the host cell number was quite 
low. In contrast, cell number of K14DS 7 and K14DS 8 were decreased once, but 
increased after 4 days, and the phage number of p7 and p8 increased once and decreased 
when the host cells increased. 
In conclusion, I succeeded to isolate phages, especially infecting an environmental 
bacterium belonging to the genus Tenacibaculum. This is a first report of a phage 
infecting the bacterium, as far as I know. Further study using such kind of 
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environmental bacteria and their infecting phages as a probe is needed to determine the 
regulating role of phage on the bacterial fauna in shrimp aquaculture pond to maintain 
the appropriate microbial environment. 
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